Abstract. In the article, the analysis of the operation of power plants in the conditions of economic restructuring to ensure successful entry into the market is carried out. The analysis of the five management structures, including current, typical structure and re-designed by the authors is presented. There are developed the partial efficiency criteria of the management structures that characterize the most important properties -the balance, integrity, controllability and stability. Local criteria of the analyzed structures do not allow to make a definite conclusion about the effectiveness of one of the structures analyzed, formulated global efficiency criterion. There is developed the global criterion of the comparative effectiveness of the management systems based on the DEA method (Data envelopment analysis), taking into account the complex of the proposed local criteria. The considered management structures are ranked based on the generalized criterion of efficiency.
Introduction
In [1] [2] [3] on the basis of system analysis methods there are studied several management structures of enterprises to determine their efficiency in the conditions of market relations development in Russian Federation.
Transition to the market economy and the constantly changing conditions of functioning of domestic enterprises in a changing economic environment imply a periodical restructure of these companies management organization aimed at their effective independent functioning in the reformation conditions, ensuring the competitiveness of the company as a whole [4] [5] [6] .
These changes should be based on new patterns of behavior of enterprises in the changed circumstances, and include new units, solving the existing problems, restructure in the hierarchy of subordination and nomenclature of decision makers.
In the previous research works [6, 7] the analysis of several hierarchical management structures of local and partial criteria of quality of functioning of the management structures was formulated, but it turned out that these criteria sufficiently fully describing the local properties of the system, do not permit to make an unequivocal choice of the optimal management system. Because of the fact that for each of the systems there is a part of the local criteria that testify to its preference and the other part speaks about the optimality of other structures.
To form one optimal generalized criterion of efficiency of the management structures in this paper we propose to use the graph theory. Based on the graph method it is possible to analyze the structures of management in numerical values of the partial criteria that convolute to the generalized criterion. The obtained values of the generalized criterion of efficiency allows to rank the analyzed structures.
Description of the research object
The objects of this research work are 5 management structures of the power plant with co-generation (heat and power plant). It means the use of power station to generate electricity and useful heat at the same time for the needs of the industry of the region.
The enterprise operates as a part of the energy company, which unites several similar power plants in the industrial region. The director (CEO) heads the power plant. He controls deputies, heads of various departments: heads of divisions, services and workshops.
Since 2000 energetic enterprises management structure changed dramatically. The changes occurred in the direction of combining the functions of individual deputies, for example: Chief Engineer mixed with the position of director. Furthermore, the departments that did not directly relate to the production function of the enterprise, like repair services, were removed or reduced.
Some structural changes in the power plants management system negatively affect the efficiency, reliability and trouble free operation and power supply of thermal and electric energy during the heating period. Furthermore the structural changes increase the possibility of accidents. A comprehensive analysis and examination of the effectiveness of the management structures (the current and the three alternative proposed re-designed ones) is carried out.
The solution of the problem
System analysis of the structural management schemes is conducted using the methodology of graph theory [8] [9] [10] . This method allows us to consider each position and department in the management structure (director, deputy directors, heads of departments and etc.) as a vertex of the graph, links (management and information channels) as edges of the graph connecting distinct vertices of the management structure.
Analyzed structures as graphs are shown in Figure 1 . Graphs are tree structures containing loops. Features of the built graphs are assessed by the following criteria: -the balance of the structure; -the integrity of the structure; -controllability of the structure; -the structure stability.
These indicators are local criteria of effectiveness of the analyzed management structures. A group of the partial criteria that are formulated assesses each of the local criteria.
1. The balance of management structures is estimated by the following local criteria:
1.1. Information load at the highest level of the hierarchy -from the first head (director).
In practice, it is widely used that a rational amount of information links from leaders at all levels of management activities is 7. When decision-makers have a larger number of connections, there is an overload of information and the effectiveness of management decisions falls. Let us take 7 for the optimal value of the number of administrative connections. Then for count "a" this feature will be equal to 1.43 . The values of the local criterion for the other graphs are shown in Table 1 . Consequently, in the implementation of a standard management structure the Director will have administrative overload of 43%.
1.2.
As the next local criterion we will take the value of the balance of the information traffic load among decision makers. These are the deputy directors and chief engineer. The results of the calculation of this index for the structures are shown in Table 2 . According to this particular criterion, the best management structures of the others are Graphs -"c" and "e".
1.3.
To improve the efficiency of the system it is necessary to seek to ensure that the information load is distributed evenly among all decision makers. Therefore, as the next local criterion we will take the index characterizing the degree of heterogeneity of the information load in the management structure that expresses the ratio of the maximum and minimum degrees of heterogeneity. The value of this local criterion is shown in Table 3 . Table 3 . Local criterion -the degree of heterogenity of the information load.
Graph «a»
Graph «b» Graph «c» Graph «d» Graph «e» 3 3 4.5 3.67 2.25
The criterion of optimization -minimum
The above analysis shows, that the perfect management structure for the degree of heterogeneity of the information load criterion must have minimum values of partial criteria -close to 1.
2. The integrity of the management structures will be evaluated by the following local criteria:
2.1. Number of graph centers. Graph center -is the most important top, it is expedient to form the managerial decisions. Center of the graph minimizes the distance to the most remote peaks. The less centers the graph has, the more effective is the management structure. Table 4 shows the number of the graph centers of the analyzed management structures. Thus, in this particular criterion Graph «d» has the optimal management structure.
2.2. Diameter of the graph. Graph diameter is the maximum distance between its two randomly selected vertices. It characterizes the compactness of the management structure -the shortest path connecting the two vertices. The preferred structure should have the smallest graph diameter.
Graph diameters of the analyzed structures are shown in Table 5 . 
According to this criterion, the best structures are Graphs "a", "b", "c" and "d ".
2.3. Radius of the graph. 
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Graph radius is the minimum distance from any fixed vertex to all vertices of the graph. It describes the minimum length of administrative communications to the most distant elements of the organizational structure. The smaller radius the graph has, the higher is the compactness of the management structure. Table 6 shows the values of the radius for graphs of the considered management structures. 
The criterion of optimization -minimum
According to this criterion, the considered structures are equivalent.
3. Controllability of the structures is evaluated with the use of the following partial criteria:
3.1.
The number of information channels through which management decisions are passed.
That structure has more control, when it has more links. The number of communication channels is the number of edges of the graph connecting distinct vertices of the management structure. Table 7 shows the calculated value of the number of information channels for analyzed management structures. Based on the criterion of the number of information channels, the preferred structure is the one with graph «b».
3.2. The number of different closed control loops. The larger the number of the circular, closed information transmission control loops in the structure, the better is the controllability. The number of closed loops of the graph equals the cyclomatic number, which is determined by Euler's formula using the number of vertices and the number of edges by the formula:
where: Q -the number of cycles, N -the number of edges, n -the number of vertices. Table 8 presents data about the number of closed information transfer cycles for the analyzed management structures. 4. The criterion of the sustainability of management is estimated on the following partial criteria:
4.1. The value of the external sustainability. External stability is determined by the number of decision management solutions and a direct impact on all participants in the organizational structure. This criterion is determined by the amount of the key decision makers directly involved in the management of the enterprise. The higher the value of this criterion, the better are the reliability and stability parameters of the considered management system.
When the value of the sustainability is small, the system is controlled by a small number of decisionmakers the leaving of one or two decision-makers leads to loss of the controllability of the system. The value of the internal stability of the system.
It is determined by the maximum amount of members that are not directly linked in the organizational structure. The more decision-makers are not interconnected, independent decision-making, the more stable the system would in the case of the loss of one or more persons who make decisions and do not have the opportunity to participate in management. A Bunches of graph vertices that are not adjacent to each other or independent determine the internal stability of the system. Table 10 shows the values of the internal stability of the considered management systems. Analysis of the particular criteria of the internal stability shows that the best internal stability has the management structure graph «b».
Analysis of the partial criteria of efficiency of the created systems show that they (the partial criteria) give contradictory, unrelated assess of the effectiveness of a structure under study. This result is inherent to the multicriteria evaluation of the functioning of complex systems. Each of the local criteria evaluates certain aspects of the control system, without revealing its general law. Therefore, according to one local criteria system is the best, and for other worse. It is not possible to make a clear conclusion based only on partial criteria.
To identify the most effective structure for the set of local criteria, we would construct a generalized criterion using the local criteria clotting, which is based on the analytic hierarchy process.
Applying Data Envelope Analysis (DEA) methodology [11] [12] [13] [14] [15] [16] [17] [18] we construct the generalized functional of the following form:
where n -number of management structure, i u To find the particular value of the generalized criteria of the efficiency of the management structure we find the maximum of the functional (2) 
where N = 5 -number of the structures; 5) … (1,2 i -the number of criteria that must strive to its maximum value, 5) … (1,2 i -the number of criteria that must strive to their minimum values.
A system of equations provides a solution in the form of a specific value -generalized criterion of the effectiveness of each of the management structures on the interval [0,1] and weighting values. Table 11 shows the calculated values of the generalized criterion of efficiency for each of the structures. The above analysis of the generalized efficiency criteria shows that the least effective is the existing energy enterprises management structure, and the structure "c" has the best performance of all of the analyzed management structures.
Conclusions
1. In the article there is given the technique of estimating the effectiveness of the management structures of industrial complexes, including industrial enterprises.
2. There are developed the local efficiency criteria of the management structures that characterize the most important properties -the balance, integrity, controllability and stability.
3. On the basis of the developed algorithm, using the methodology of the DEA, the analysis of 5 structures of the power plant management systems is made. As a result, the generalized criterion of efficiency that allowed to rank the considered management systems is obtained.
4. The generalized criterion of the comparative effectiveness is obtained. It allowes to rank the examined management structures by effectiveness and to identify the optimal one.
